The control of tick Rhipicephalus (Boophilus) microplus, that has the cattle as preferential host, has been performed using products based on different chemical substances. However, the indiscriminate use of these products has caused the selection of resistant populations and damages to the environment, contaminating the soil and water. Tickcides, like fipronil (synthetic chemical) and thymol (natural chemical), are applied on cattle through aspersion, causing the death of the ectoparasites. Nevertheless, the effects of these products on nontarget organisms have not been thoroughly investigated. Thus, this study evaluated the morphology of the liver and thyroid of female Mus musculus mice, divided into 5 treatment groups/5 individuals each, exposed to fipronil (2%) and thymol (2 mg/mL) through aspersion baths. After exposure, the mice were euthanized with anaesthetic overdose and dissected for organ removal. The results showed that both fipronil and thymol caused morphological alterations in the organs: cytoplasmic vacuolation, cell death characteristics in hepatocyte nuclei and structural disorganization of the thyroid gland. Along with body weight measurement, the results suggest that the morphological alterations would be a systemic response of the organism to the toxic action of these products, regardless their origin (synthetic of natural).
Introduction
Dairy and beef cattle breeds are economically important in many Brazilian regions. Rhipicephalus (Boophilus) microplus, also known as cattle tick, is one of the most relevant ectoparasites, which causes direct and indirect damages to the hosts [1] .
The most efficient and widely used chemical control against these ectoparasites is performed through tickcide baths; i.e., the aspersion of the diluted product [2] . However, the use of such products causes environmental problems, contaminating the soil and rivers with residues and affecting nontarget organisms coexisting with the cattle [3] .
The problem when aspersions are performed on pastures is the bioaccumulation and the persistent contamination of the area, introducing contaminants in the animal food chain, including the human being, once the latter consume milk and meat containing residues of toxic substances from the chemical products used to control the pests. Such residues cause cell and tissue damages, which are, in many cases, irreversible. Additionally, the emergence and selection of extremely resistant tick strains has been observed [4, 5] .
Synthetic products currently in use to control ticks are fipronil [6] , permethrin [7] , fluazuron [8] , dinotefuran [9] and deltamethrin [10] Among them, fipronil, an acaricide that belongs to the chemical group phenylpyrazole, acts specifically on the central nervous system (CNS) of the invertebrate [11] . This synthetic chemical has great efficiency in controlling resistant/tolerant pest, which justifies its widespread use in several countries [6] , although it is highly toxic for some animal species [12] .
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However, little is known about the effects of this chemical on the cells and tissues of vertebrate in general. New alternatives to control pest ticks have been sought, including the use of plant-derived products [13] , such as thymol [14] , carvacrol [15] , the neem seed oil (Azadirachta indica) [16] , the andiroba oil (Carapa guianensis) [17] and castor oil (ricinoleic acid esters from Ricinus communis) [18] .
Among the chemicals extracted from plants, thymol is a volatile monoterpene present in the essential oils of Apiaceae, Lamiaceae and Verbenaceae plants and has acaricide action when applied to different stages and species of ticks [19] . Thymol chemical structure contains a hydroxyl group that enables permeability to the cell membrane and causes damages to the cells and tissues, killing ticks [20] . Also, thymol have been proven to be efficient and less harmful to the environment and nontarget organisms [19] .
It is important to emphasize the importance of further studies to investigate the action of these chemical products (fipronil and thymol) on the morphophysiology of the organs of nontarget organisms.
The liver, located in the abdominal cavity, just below the diaphragm, is a toxicity indicator in the mammals. This organ is in a strategic position to metabolize, accumulate, and neutralize the substances absorbed by the intestine. The hepatocyte (hepatic unit), is polyhedral in shape, has one or two central round-shaped nuclei with one or two evident nucleoli, and has the function to accumulate glucose, mainly in the form of glycogen [21] .
In mammals, the thyroid is an endocrine gland of critical importance for the regulation of the metabolism in general. It is located at the anterior cervical region of the neck and synthetizes the hormones triiodothyronine (T3), thyroxine (T4). The thyroid is constituted of spherical units named thyroid follicles, surrounded by a simple cuboidal epithelium filled with colloid (prehormone). The thyroid follicles present extensive blood and lymphatic vascular supply, the former responsible for collecting the hormones produced by the gland. This organ is an excellent bioindicator in toxicology studies, once it is very sensitive to toxic exposure, even in minimum dosages [22, 23] .
In this sense, histology has been frequently used to evaluate the toxicity of a chemical substance, mainly in organs considered as vital. Rodents have been increasingly used in this kind of study, once they are prospective regarding the action of chemicals in humans. Furthermore, the organs that are considered vital are good histological biomarkers in toxicity assays [24] .
Thus, the present study had the objective to study, comparatively, the morphohistological alterations on the liver and thyroid of female Mus musculus mice when exposed (via aspersion, simulating field application) to the acaricides fipronil and thymol. The evaluation was performed through the application of histopathological techniques on the liver, and thyroid of the females to be exposed to the acaricides.
Another indicator of possible toxic effects, body mass loss, was also analyzed after the exposure.
Methods
Twenty-five healthy female Swiss mice (Mus musculus) were used, weighing approximately 20g, and aged between 5 and 6 weeks. The mice, provided by the Animal Facility from UNESP Botucatu, SP, Brasil, were divided into five groups (five animals each), housed in polypropylene cages (30x20x13cm), and maintained under controlled conditions (22°C±2°, 50% humidity, appropriate ventilation, exhaustion and 12h photoperiod), receiving commercial food and filtered water ad libitum.
For better identification, the mice had their tails marked using nontoxic markers. Prior to the experimental procedure, the animals were kept for 14 days in the Animal Facilities of the Bioscience Institute, UNESP, campus Rio Claro for adaptation. The present study was approved by the Animal Research Ethical Committee of the Bioscience Institute, UNESP/Rio Claro/ SP/Brazil, protocol number 4243, CEUA 14/2015.
Chemical products used
Fipronil, at the concentration of 2%, diluted in propylene glycol 10% and deionized water, using the product provided by UPVET® (veterinary compounding pharmacy registered in the Ministry of Agriculture, Livestock and Supply, according to Decree 5053 of April /22, 2004) .
Thymol, obtained from Sigma-Aldrich with 99% purity, in formulations, at the concentration of 2%, via dilution in hydroethanolic solution at 30% (v/v), based on the lethal concentration for R. (Boophilus) microplus [19] .
Exposure bioassay
The animals were divided into five groups: Group IV: Sprinkled with fipronil at 2%, diluted in propylene glycol 10% in deionized water.
•
Group V: Sprinkled with thymol in the concentration of 2 mg/mL, diluted in hydroethanolic solution 30% (v/v) (ethanol 30%). The exposures were performed in three consecutive days, at 24-hour intervals, once the tickcide baths must be consecutively performed within the maximum of three days [25] . The aspersion was performed using sterilized spray bottles and the chemicals were applied until the animal was thoroughly wet (approximate volume of 18 mL), simulating field procedure [25] .
Obtaining the body mass
All the animals were individually weighed using scale Marte, doi: 10.7243/2055-091X-4-9 model LC1, at the Animal Facility of the Biology Department, Bioscience Institute, UNESP, Rio Claro, SP, Brazil, every other day, until euthanasia. The weights were recorded and statistically analyzed through ANOVA (p < 0.05), software GraphPad Prism 6.0. The same software was used to elaborate the body mass graphs before and after the animals were exposed to the acaricide.
Histology
After 14 days, the animals were anesthetized with ketamine hydrochloride (80 mg/kg BM/IP) and xylazine hydrochloride (20 mg/kg BM/IP) for the removal of the liver and thyroid, which were fragmented and immediately fixed in paraformaldehyde 4%. The material was transferred to phosphate buffered saline for 24 hours and dehydrated in crescent ethanol series (70, 80, 90, 95%) at 1-hour intervals, and finally embedded and included in Leica resin. The material was sectioned at 3µm thickness in microtome Leica RM 2145 and stained according to Harris hematoxylin-eosin protocol (HE) [21] .
The slides were analysed under bright-field microscopy and photographed using photomicroscope MOTIC BA 300. The figures were elaborated using software CorelDRAW X8 and CorelPHOTO-PAINT X8.
For the quantification of Kupffer cells, a 100 point-test grid was superimposed to the images of the histological sections obtained from all the animals. Ten random fields of 400x magnification were randomly counted for each sample of each animal [26, 27] .
Results

Body mass alteration after the bioassay with aspersions of fipronil 2% and thymol 2 mg/mL
All the mice used in the bioassays were daily and individual weighed, before and after exposure to the products. This procedure was performed until the euthanasia. The first exposure was made on the 42th day after the mice's birth and the euthanasia on the 56th. Table 1 shows the values corresponding to weight gain in the individuals weighed and the means expressed after statistical analysis (p<0.05 ANOVA). In control group I (distilled water), the animals' body mass show linear increase, expected for healthy mice, without diet restrictions or suffering intoxication effects. In control group II (propyleneglycol 10%, fipronil diluent), the animals lost weight between the 50th and 52nd day. The animals belonging to control group III (ethanol 30%, thymol diluent) had their weights increased, similarly to the ones from control group I (distilled water).
The mice exposed to fipronil 2% lost weight after the first exposure and between the 50th and 52nd days of life, as in the control group II (propylene glycol 10%, fipronil diluent) ( Table 1 ). The animals belonging to group V, exposed to thymol, presented the highest values of average weight gain after the first day of the bioassay (first exposure to the tickcide) ( Table 1) .
Histology Liver
In this study, it was observed that hepatic tissue of the control group I mice (exposed to distilled water) was shown to be intact with hepatocytes organized in cords ( Figure 1C) , arranged radially. The hepatocytes exhibited preserved morphology ( Figure 1C ), results like those described in the relevant literature. Kupffer cells were evidenced by their elongated nuclei and located between the hepatic cords ( Figure 1C) . Similarly, in the control group II (exposed to propylene glycol 10% -fipronil diluent) (Figures 1D and 1E) and III (exposed to ethanol 30% -thymol solvent) (Figures 1F and 1G) , it was also observed that the liver tissue was intact.
In the mice from the treatment group IV (exposed to 2% fipronil -synthetic chemical), unlike that observed in those controls (I, II and III), we observed the presence of morphological alterations, such as: 1) hepatocytes with cytoplasmic vacuolization ( Figure 1K) ; 2) areas of hepatocytes with strong cytoplasmic granulation, probably of glycogen origin ( Figures  1J and 1K) ; 3) hepatocytes' nuclei with characteristics of cell death processes, that is, with marginalized chromatin ( Figure 1I) ; 4) hypertrophy (Figure 1I) , presence of many nucleoli ( Figure 1I ) and irregular nuclei ( Figure 1K ). Extracytoplasmic vacuolization (with empty spaces) was also observed between hepatocytes, which gave the organ a spongy appearance.
In the mice exposed to thymol 2% (group V) morphological changes were also observed, which included vacuolization between the hepatic cords, which caused a tissue disorganization. In the hepatocytes, the cytoplasm was also highly vacuolated ( Figures 1M and 1O) over the entire organ extension. There was also a change in the morphology and frequency of Kupffer cells (Figure 1M ), which were quantified and verified the occurrence of hyperplasia (Figure 2 ).
Thyroid
Thyroid glands histological analysis of the control group I showed the presence of an intact tissue, where the thyroid follicles could be observed (Figure 3B ), surrounded by a cubic and mononucleated follicular cells epithelium ( Figure 3C) . Inside the follicles, the colloids (prehormone) also showed an intact aspect ( Figure 3B ). In the extrafollicular region, the connective tissue filled the spaces and brought many blood vessels to the glandular tissue, responsible for collecting gland's secretion. The glands from the control group II animals showed changes like the hypertrophy of some thyroid follicles ( Figure 3D ) when compared to control group I thyroids. It was also evident that the interfollicular region presented larger areas filled with connective tissue or adipose cells ( Figure 3D) . The follicular epithelium and the colloid were intact (Figure 3E) .
In the control group III, the changes were similar to those from the control group II, that is, thyroid follicles hypertro- Histological sections of mice liver from the control and exposed groups, stained by Haematoxylin-Eosin. B and C: Control group I (exposed to distilled water); D and E: Control group II (exposed to 10% propylene glycol, fipronil diluent); F and G: Control group III (exposed to 30% ethanol, thymol solvent); H-K: Exposed group IV (exposed to 2% fipronil -synthetic chemical); L-O: Exposed group V (exposed to thymol 2 mg/mL-natural chemical); he=hepatocyte; hhe=hypertrophic hepatocyte; n=hepatocyte nucleus; CK=Kupffer cell; Arrow=hepatocytes cytoplasmic vacuolation; Double arrow=cytoplasmic granules in hepatocytes; Asterisk=hepatocyte nucleus with marginalized chromatin; Circle=irregularly shaped hepatocyte nucleus. Scale bar in each image. Histological sections of mice thyroid from control and exposed groups, stained by Haematoxylin-Eosin; B and C: Control group I (exposed to distilled water); D and E: Control group II (exposed to 10% propylene glycol, fipronil diluent); F and G: Control group III (exposed to 30% ethanol, thymol solvent); H -K: Exposed group IV (exposed to 2% fipronil -synthetic chemical); L -O: Exposed group V (exposed to thymol 2 mg/mLnatural chemical); ep = follicular epithelium; n = follicular cell nucleus; tf = thyroid follicle; fft = fused thyroid follicles; htf = hypertrophic thyroid follicle; Col = colloid; Asterisk = colloid weakly stained; ed = edema; Cross = increased caliber vessel; Circle = apoptotic body; Arrow = cytoplasmic vacuolization; Rectangle = adipose cell. Scale bar in each image.
phy ( Figure 3F) . It was also observed follicular cell cytoplasm vacuolization. The colloid, as in the previous groups, was homogeneous ( Figure 3G) .
In the group IV (mice exposed to the synthetic acaricide, doi: 10.7243/2055-091X-4-9 fipronil 2%) it was observed more significant alterations provoked by the exposure to the chemical. Among them: 1) loss of the thyroid follicles original rounded form, since some of them acquired a totally irregular appearance ( Figures 3J and  3K) ; 2) loss of colloid integrity within the follicles, since they were stained with a greater or lesser intensity Figure 3I) ; 3) follicular cell vacuolation, which caused even the displacement of the nucleus from the central regions to the cell periphery ( Figure 3I) ; 4) fusion of more than one follicle, causing a total structural disarrangement in the gland ( Figures 3J and 3K) ; 5) Increased interfollicular spaces and consequent occupation of the same by connective tissue, causing also regions with edema ( Figure 3H ) and 6) increased vascularity of the gland, as well as increased caliber of blood vessels ( Figure 3J) . The mice exposed to thymol, group V, showed thyroid with changes, which included the presence of follicles that lost their original rounded form, becoming irregular ( Figure  3N ). Thyroid follicles fusion (Figure 3L) , although less frequent. The colloid within the follicles was also stained with a greater or lesser intensity, and some follicles were empty (Figures 3N  and 3O) . Changes in follicular cells were like those observed in group IV. However, it was evident that some of the follicular cells underwent death processes, evidenced by the presence of structures like apoptotic bodies, within and outside the follicles ( Figure 3N ). There was an increase in interfollicular spaces ( Figure 3L) and presence of fat cells in these spaces ( Figure 3L) . Table 2 shows the alterations and their respective degrees of intensity were classified to better visualize the thyroid alterations of the mice from the different study groups.
Discussion
Sustainability has been a great concern, not only for researchers, but also for governmental agencies that regulate the use of products to control pests (e.g., insects). Therefore, the search for efficient and sustainable alternatives is ongoing. The use of chemical products to control pests has been intensified, and the variety of chemicals used increase as the individuals to be controlled develop resistance mechanisms. Among these products are those with acaricide potential, used in the fields and homes, as the presence of domestic animals (e.g., dogs and cats) in the families has become increasingly common. The indiscriminate use of acaricides damages the environment and nontarget organisms, the latter including the hosts (in the case of ticks).
Fipronil is among the most widely used synthetic chemical acaricides; however, other products extracted from plants (e.g. thymol) have also been considered an alternative. Thus, the present study evaluated the histopathology of thyroid and liver, collected from mice exposed to the acaricides fipronil (synthetic) and thymol (natural), aiming to detect the alterations caused by the exposure of the animals (simulating a host).
The body mass alterations in the exposed mice were also evaluated, once such alterations are important indicators of the toxic effect of a certain substance in the animal organism. The results showed that the mice exposed to fipronil 2% gained less weight than those belonging to the other groups (including the one exposed to thymol). Similar results were obtained [28] conducting toxicity tests with exposure to cyanobacteria. According to the norms of Guideline 423 on acute toxicity [29] , the reduction in the animal body mass is one of the systemic toxicity signals; and, in this study, fipronil 2% caused a decrease in the body weight values of the exposed animals.
Liver
The histological analysis showed that the hepatic tissue of the individuals belonging to the three control groups was intact, with preserved hepatocytes, arranged in cords and permeated by Kupffer cells, also intact [21, 24] .
On the other hand, the individuals exposed to fipronil and thymol showed important histological alterations. Those exposed to fipronil at 2% displayed hepatocytes with highly basophilic cytoplasm, probably due to the presence of glycogen granules, corroborating the literature, which reports that the liver would be a multifunctional organ, storing reserve substances, in the case of animals, glycogen. This result suggests that the increase in synthesis of glycogen would be associated with more cytoplasmic granulation in the hepatocytes of these individuals [21] . Some studies reported that the variations in the glycogen delivery in the hepatocytes could indicate toxicity [30] . In addition, the cytoplasm of the hepatocytes showed regions with extended vacuolation, which, according to the literature, would indicate that the cell/tissue is developing strategies to remove the toxic product from the system by eliminating some cytoplasm regions and impaired organelles. These eliminated structures would be covered by membranes, forming autophagic vacuoles, that would Table 2 . Intensity of histologic alterations in the thyroid of mice exposed to fipronil and thymol.
Characterization with scores: No damage (-), minor damage (+), moderate damage (++), severe damage (+++). I (control distilled water), II (control propylene glycol 10%), III (control ethanol 30%), IV (fipronil treatment 2%), V (treatment thymol 20 mg/mL).
doi: 10.7243/2055-091X-4-9 be digested by lysosomes or released to the exterior. Similar results were found by authors who exposed other organisms to toxic products [31] . The nuclei of the hepatocytes showed chromatin marginalization and compaction, which could be associated with cell death processes due to the toxicity of the chemical products present in the system. Another relatively frequent alteration observed was the hypertrophy of the hepatocyte, which could be directly associated with the metabolism increase and the protein synthesis in these cells, stimulated by the release of thyroid hormones, once a histopathologic alteration in the thyroid of the individuals exposed was also detected in this study. Hepatotoxicity studies in rats subjected to supraphysiological doses of thyroxine, reported hypertrophic hepatocytes resulting from the action of thyroid hormones [24] .
The individuals exposed to both chemical products showed an increase in the number of Kupffer cells, macrophages that perform the phagocytosis of strange substances in the hepatic tissue, such as fat, drugs, among others. This increase in the number of macrophages would be directly associated with the strategy to remove the toxic product from the system to maintain the physiology integrity.
With specific regard to the individuals exposed to thymol, the hepatocytes showed vacuolation in the cytoplasm of the cells and among the hepatic cords, probably due to the intoxication by the acaricide.
Thus, the results of the histopathological analysis of the livers from the mice exposed to fipronil or thymol were similar, confirming that, regardless the origin (synthetic or natural), these substances are toxic to the mice, hosts, and nontarget organisms as well.
Thyroid
The thyroid is an important endocrine gland of the vertebrate, and has the function to regulate the metabolism by producing T3 and T4 hormones [32] .
The histology of the thyroid tissue of the mice from the control groups did not show significant alterations. The tissue was intact, with preserved follicles, cuboidal and mononuclear follicle cells, forming an epithelium filled with colloid (prehormone). With specific regard to the group of mice exposed to propylene glycol 10% (fipronil diluent), the presence of hypertrophic follicles located in the central regions of the gland was observed, in addition to the adipose cells permeating the extrafollicular conjunctive tissue. The thyroids of the mice from control group III (ethanol 30%, thymol diluent), in addition to follicle hypertrophy, displayed slight vacuolation in the cytoplasm of the follicular cells. These results confirm the thyroid sensitivity to alterations (even the slightest ones) in the organism of the animals, once in the bioassays using only propylene glycol 10% and the solvent ethanol 30% it was possible to observe alterations in this gland, confirming that the thyroid is an excellent toxicity indicator for vertebrate. Contrarily, the thyroid of the mice belonging to control group I was intact, as described in the literature [21] [22] [23] , which was expected, once only distilled water was used in the exposure.
In the individuals exposed to the chemicals (either synthetic or natural), the thyroid became disorganized after the treatment. The alterations suffered by the organ included: a) follicular disorganization; b) fusion of more than one follicle; c) edema in the interstitial tissue; d) increase in vascularization and in the gland blood vessel caliber; e) follicular cell vacuolation; f ) alteration in the composition of the intrafollicular colloid and g) death processes occurring in the follicular cells. These alterations were probably caused by the presence of toxic substances in the system, modifying not only the morphology of this important organ, but also the physiology.
Studies developed by Ferreira M [33] corroborate our results, having demonstrated similar effects of different fipronil concentrations on the thyroid of nontarget organisms, including the fusion of two or more follicles, emergence of hypertrophic follicles, apoptotic bodies in the follicles (indicating cell death), enlargement of the spaces permeating the follicles and the presence of swollen regions. Leghait J [32] demonstrated that fipronil would chemically interact with the thyroid hormone production, causing morphophysiological alterations and overstimulating the gland. According to Hurley PM [34] , who also studied the toxic potential of fipronil, a physiological imbalance between the thyroid and the hypophysis would occur, causing a decrease in hormones T3 and T4 circulation and an increase in the concentration of TSH (thyroid stimulating hormone). The consequences of such imbalance would be: 1) inhibition of inorganic iodate transportation to the interior of follicular cells; 2) lesions to the follicular cells; 3) inhibition of thyroid hormones release; 4) inhibition of colloid (prehormone) conversion into T3 and T4; 5) increase in the metabolic rate, and 6) increase in the liver hormone excretion.
These results clearly demonstrate that the synthetic acaricide fipronil is extremely aggressive, and can be considered a potent modifying agent of the morphophysiology of vertebrate organisms (including the tick hosts and nontarget organisms). However, evaluations of this type for natural acaricide products (e.g. thymol) are not available in the literature. Thus, the present study demonstrated that both acaricides, the synthetic (fipronil) and the natural (thymol, studied under this perspective for the first time) are potential stimulators of alterations in the thyroid tissue and, consequently, responsible for the alteration of the whole physiology of the individual.
Among the morphological alterations in the thyroid of the mice exposed to fipronil and thymol, the occurrence of death processes (apoptosis) was clear. In a natural context, the process of cell death is essential for the perfect development of vertebrate, allowing the elimination of useless cells or if there are any faults, mainly in the DNA. In the case of intoxication by synthetic or natural drugs, this process is directly associated with the exposure to the toxic products that pathologically induced the cell death. In addition to apoptosis, another alteration occurring in the thyroid tissue of the individuals doi: 10.7243/2055-091X-4-9 exposed to the acaricides was the presence of edema, or accumulation of liquid in the interstitial space (extracellular), due to the impossibility of being removed by the lymphatic vessels (pathology or intoxication) [35] .
Conclusion
Overall, the present study revealed that both thymol and fipronil can be considered potent modifiers of the morphology and, probably, of the physiology of the thyroid of the mice exposed, causing tissue disorganization and alterations in the colloid stored in the follicle.
The results confirm the need to minimize the short, medium and long-term damages caused by the application of acaricides, most times indiscriminate, affecting the natural hosts (directly) and nontarget organisms (indirectly).
Furthermore, the results demonstrated that the synthetic chemical acaricide fipronil was more aggressive to the hepatic and thyroid tissues of the mice exposed in comparison with the natural chemical thymol. The latter, however, caused important damages to the organs, which stimulates the search for new control strategies using chemical products that are efficient and, at the same time, sustainable for the environment and nontarget organisms, once the responsible governmental organs have not properly managed the use of acaricide products.
